Background: The presence of comorbid conditions could impact performance in pulmonary rehabilitation (PR) programmes. We aimed to compare the comorbidity prevalence among those with chronic obstructive pulmonary disease (COPD) and interstitial lung disease (ILD) and evaluate the impact on PR response. Methods: We performed a retrospective cohort study, recording comorbidities for all patients with COPD or ILD referred to PR. Participants were classified as responders to PR if they met the minimal important difference for exercise capacity and health-related quality of life (HRQoL). The prevalence of comorbidities and impact on PR outcomes were compared by lung disease and by sex using a univariate analysis and multivariate logistic regression. Results: The mean number of comorbidities was similar among those with COPD (3.3±2.1, n=242) and ILD (3.2±1.9, n=66) (p>0.05). Females had a higher number of comorbidities than males in both COPD (p=0.001) and ILD (p=0.017) populations. Circulatory (64%) and endocrine/metabolic (45%) conditions were most common in COPD. In ILD, digestive (55%) and circulatory (53%) comorbidities were most prevalent. In people with ILD, those over 65 years, with musculoskeletal/connective tissue disease or circulatory disease were less likely to obtain meaningful improvements in exercise capacity. There was no impact of comorbidities on exercise capacity in COPD or on HRQoL in ILD. Conclusions: The majority of patients with COPD or ILD enrolled in PR programmes have multiple comorbidities that may affect improvements in exercise capacity. PR programmes may be less effective for older adults with ILD and comorbid circulatory or musculoskeletal disease.
Introduction
Chronic respiratory diseases are an important cause of morbidity and mortality worldwide [1] . They are characterised by symptoms of breathlessness, fatigue and poor health-related quality of life (HRQoL) [2] [3] [4] . Pulmonary rehabilitation (PR) programmes are the standard of care for individuals with chronic respiratory disease such as chronic obstructive pulmonary disease (COPD) [5] and interstitial lung disease (ILD) [6] .
PR combines supervised and personalised exercise training with education and self-management strategies [6] . Strong evidence supports improvements following PR on exercise capacity, HRQoL and symptoms such as dyspnoea and fatigue for people with COPD [7] and ILD [8] . Upon admission to PR programmes, many patients with COPD present with multiple comorbidities; however, their prevalence estimates vary depending on how comorbidities are reported. Self-reporting suggests a prevalence of at least one comorbidity in 50-60% of patients [9, 10] , whereas objectively identifying comorbidities has shown 97% of patients with COPD entering PR had at least one comorbidity, with 53.5% having four or more [11] . Common comorbidities in the COPD population include but are not limited to; cardiovascular disease, musculoskeletal disease (osteoarthritis and osteoporosis), lung cancer and metabolic disease (diabetes) [12] [13] [14] . In the ILD population, cardiac and gastrointestinal comorbidities (gastro-oesophageal reflux disease (GORD)), along with pulmonary comorbidities are common [15] . Shared risk factors for the development of respiratory disease and common comorbidities include age, cigarette smoking, physical inactivity and an unhealthy diet [16] . Sex differences for comorbidity prevalence have been noted in general COPD cohorts [17] , but limited information is available on the presence of comorbidities by sex in those with COPD or ILD enrolled in PR.
Most information available is in regard to those with COPD. A systematic review by Hornikx et al. [18] noted less improvement following PR in individuals with COPD and comorbid behavioural, cardiovascular or musculoskeletal disorders, although the review only included four studies. To the best of our knowledge, there is no information on how comorbidities influence PR in those with ILD. We conducted this retrospective study to determine the prevalence of comorbidities and the impact on PR outcomes for individuals with ILD compared with those with COPD.
Methods

Study design and participants
We performed a retrospective cohort study of all patients with COPD or ILD enrolled in the inpatient and outpatient PR programmes at West Park Healthcare Centre from January 1, 2016 to December 31, 2017. Patients were selected according to the following inclusion criteria: 1) enrolled in inpatient or outpatient PR, 2) physician diagnosis of COPD or ILD according to medical records, 3) over the age of 40.
Diagnosis was confirmed from the most recent spirometry testing. In the COPD population (forced expiratory volume in 1 s (FEV 1 )/forced vital capacity (FVC)<70%), disease severity was also determined by spirometry. Demographic and other information was extracted from the patients' admission physician and nursing notes.
The study received ethics approval from the Joint Bridgepoint Health (West Park Healthcare Centre) Toronto Central Community Care Access Centre, Toronto Grace Health Centre Research Ethics Board.
Pulmonary rehabilitation
All participants attended a standard PR programme at West Park Healthcare Centre. Participants in the outpatient PR programme attend twice weekly for 10 weeks with each session consisting of breathing exercises (30 min), education classes (1 h) and supervised exercise (∼45 min-1 h of strength and aerobic training on alternating days). After 2 weeks all patients are provided with a home exercise programme and advised to exercise at least 4 days a week in total. Participants in the inpatient PR programme attend 5 days a week for 4-6 weeks and receive the same breathing exercises and number of education classes as the outpatient programme. Inpatients exercise twice a day, 5 days a week for a more intensive programme (∼45 min-1 h of strength and aerobic training per session). Both programmes use standardised outcome measures at baseline and following completion of PR including the 6-minute walk test (6MWT) to measure functional exercise capacity, administered according to American Thoracic Society (ATS) guidelines [19] , and the chronic respiratory disease questionnaire (CRQ) to measure HRQoL. We recorded these measures and whether the participant completed the PR programme, was discharged early and if so, the reason for early discharge.
Comorbidities
Comorbidities were extracted from the patients' medical records through their detailed PR admission assessment. Individual comorbidities were recorded and converted to comorbidity categories according to the International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10). A list of all individual comorbidities considered is provided in supplementary table 1. Participants were grouped according to the number of comorbidities (0-2, 3-4 and 5 or more). Prevalence of each comorbid condition and the corresponding comorbidity category was determined overall and by sex for the COPD and ILD populations.
Outcomes
The primary outcome was to determine the impact of comorbidities on PR response in terms of exercise capacity (6-minute walk distance (6MWD)) and HRQoL (CRQ domains). The secondary outcome was to determine the prevalence of comorbidities by the type of lung disease and sex. The PR outcomes (6MWD and CRQ domains) were treated as binary dependent variables in statistical models (responders and nonresponders). To distinguish responders from nonresponders, the minimal important differences (MID) were as follows; 30 m for 6MWD [20] and 0.5 units in CRQ domains [21] . First, a univariate analysis (Chi-squared test) was used to analyse correlations between PR outcomes and demographics, comorbidity category or number of comorbidities. Any significant findings were included in a multivariate logistic regression model to determine the predictive role on PR outcomes. Co-linearity was defined as variance inflation factor >5, condition index >15, tolerance <0.2). All results were considered to be statistically significant if p<0.05.
Statistics
Statistical analyses were performed using IBM SPSS Statistics for Windows (version 25.0, Armonk, NY, USA). Results are expressed as percentages and means (SD). Comparison of comorbidity prevalence between males and females was made using the Chi-squared test.
Results
A total of 308 patients with COPD (n=242) and ILD (n=66) were admitted to the PR programme and met the inclusion criteria during the study period. There were 230 inpatients (75%) and 78 outpatients (25%). Demographic and baseline characteristics for the COPD and ILD cohorts are provided in table 1. Smoking history was available for 87% of the study population. The COPD cohort had a significantly higher smoking history compared with the ILD cohort ( p<0.001) and there were more lifelong never-smokers in the ILD group ( p<0.001). Those with ILD were younger than the COPD cohort ( p=0.009) and there was a higher percentage of oxygen users ( p=0.001). Within the COPD cohort, females were more likely to use supplemental oxygen ( p=0.01) and gait aids ( p=0.007) compared with males. Females with COPD also had higher modified Medical Research Council Dyspnoea Scale (mMRC) scores ( p=0.028), lower smoking history ( p=0.02) and lower total scores on the CRQ at admission ( p=0.005).
In the COPD population, the majority had severe (Global Initiative for Chronic Obstructive Lung Disease (GOLD) 3: 45%) or very severe airflow limitation (GOLD 4: 35%). The ILD population consisted of individuals with idiopathic pulmonary fibrosis (IPF), sarcoidosis, nonspecific interstitial pneumonia and unspecified ILD. Spirometry results were available for 75.8% of the ILD population (FVC % predicted=57.7±18.8, FEV 1 /FVC=76.0±18.8). Of the entire study population, 95% had at least one comorbid condition, with 61% having three or more ( figure 1 ). The mean number of comorbidities was similar among those with COPD (3.3±2.1) and ILD (3.2±1.9) ( p=0.973). Females had a higher number of comorbidities compared with males respectively, in both COPD (3.7±2.1 versus 2.8±2.0, p=0.001) and ILD cohorts (3.8±1.6 versus 2.7±2.1, p=0.017). The number of comorbidities ranged from 0-11 for those with COPD and 0-9 for those with ILD.
The prevalence of comorbidity categories was similar among those with COPD (figure 2a) and those with ILD (figure 2b). A full list of individual comorbidities is provided in supplemental table 1. Circulatory conditions were the most common comorbidity in COPD (64%). In the ILD population, digestive conditions were the most common (54%) followed closely by circulatory conditions (53%). Endocrine and metabolic conditions, musculoskeletal and connective tissue diseases and mental health disorders were also common (figure 2), with similar prevalence among those with COPD or ILD ( p>0.05) (see supplemental table 2). Within the COPD cohort, females were more likely than males to have digestive comorbidities (52% versus 37%, p=0.028), musculoskeletal and connective tissue conditions (50.0% versus 34%, p=0.013) and mental and behavioural conditions (50% versus 24%, p=0.000). Within the ILD cohort, females were more likely than males to have musculoskeletal and connective tissue conditions (55% versus 26%, p=0.023) and mental and behavioural conditions (71% versus 20%, p=0.000).
Programme completion rates were similar for inpatients (74%) and outpatients (77%, p=0.762) and those with COPD (75%) and ILD (76%, p=1.00). Reasons for early discharge included acute exacerbations, nonrespiratory health events and personal reasons. Overall, 66% of patients in the entire study population met the MID of 30 m for the 6MWD (65% of those with COPD and 69% of those with ILD, p=0.735). The majority of the study population met the MID of 0.5 units for improvement in total CRQ score with no differences between the COPD and ILD cohorts (65% versus 67%, p=1.000).
The results of a univariate analysis for the impact of the number and type of comorbidities on improvement in exercise capacity (6MWD), is depicted in table 2. In the ILD cohort, improvement in exercise capacity was impacted by age ( p=0.003) and diseases of the circulatory ( p=0.027) and musculoskeletal systems ( p=0.013). In contrast, in the COPD subcohort, there were no significant associations between demographics, type or number of comorbidities and response to PR in terms of exercise capacity.
There was no significant impact of comorbidities on meeting the MID improvement in total CRQ score (table 3) . Within the COPD cohort, sex impacted total CRQ score improvement, with more females improving compared with males ( p=0.036). Significantly associated variables from the univariate analysis were entered into a multivariate logistic regression model (table 4) . People with ILD who did not have comorbid circulatory (OR=7.8, 95% CI: 1.1-54.9, p=0.040) or musculoskeletal and connective tissue disease (OR=7.8, 95% CI: 1.3-47.1, p=0.025) and were younger than 65 years (OR=11.0, 95% CI: 1.0-118.9, p=0.048) were more likely to have meaningful improvement in exercise capacity following PR.
There was no impact of comorbidities on meaningful improvement in HRQoL and thus a multivariate regression analysis was not performed for this variable. 
Discussion
We conducted a retrospective cohort study and found that people enrolled in a PR programme with ILD had a similar number of comorbidities as people with COPD. The majority of patients presented with diseases of the circulatory system, and over 40% had gastrointestinal, endocrine and metabolic, musculoskeletal and connective tissue or mental and behavioural conditions. Despite having a number of comorbid conditions, most patients with COPD and ILD still improved their exercise capacity and HRQoL following PR. However, in people with ILD, the presence of musculoskeletal and connective tissue disease or circulatory conditions was associated with a lower impact of PR on improvements in exercise capacity. Comorbid conditions should be taken into account during admission assessments for PR in order to provide patients with a personalised exercise programme that will result in optimal improvements in exercise capacity.
A previous systematic review of individuals with COPD in PR concluded that osteoporosis was associated with reduced improvement in exercise capacity, that cardiovascular disease was negatively associated with improvement in quality of life and that anxiety and depression impacted the ability to improve dyspnoea scores [18] . We did not find any associations between comorbidities and PR outcomes in our COPD cohort, despite having a higher prevalence of hypertension, dyslipidaemia, osteoarthritis and osteoporosis compared with previous studies [9, 10] . This is in keeping with the findings of Mesquita et al. [22] where the number and type of comorbidities had no impact on PR outcomes in a COPD cohort. It is important to note that previous studies in this area included hypertension as a metabolic disease and thus the prevalence rates for metabolic conditions differed in our study, where hypertension was considered a circulatory disease according to the ICD-10 coding system.
Previous studies have reported that comorbidities are common in people with COPD attending PR programmes [12] . However, there is much less information regarding comorbidities in patients with ILD.
Pulmonary comorbidities, such as emphysema, lung cancer and pulmonary hypertension are commonly recognised in people with IPF [23] but less attention has been given to the prevalence of nonpulmonary conditions. A common nonpulmonary comorbidity in IPF is GORD [23] and a recent Medicare study suggested that diseases of the circulatory system, including hypertension and congestive heart failure, and endocrine or metabolic diseases including type II diabetes, are also common in the IPF population [24] . The systemic nature of ILD in many people suggests other comorbidities may affect the ability of patients with ILD to improve in PR programmes. To our knowledge, this is the first study to report the prevalence of comorbidities in people with ILD attending PR and explore the impact of comorbidities on PR outcomes. The prevalence of comorbidities in the ILD population was similar to the COPD population, with a mean of three comorbid conditions per patient. Musculoskeletal diseases such as osteoporosis and osteoarthritis were significantly more prevalent in females with ILD compared with males. We found both musculoskeletal and connective tissue disease and diseases of the circulatory system negatively impacted the ability to improve exercise capacity in the ILD population. Additionally, those of younger age were more likely to improve exercise capacity. However, the role of dyspnoea should not be ignored as evident in the adjusted analysis. As with COPD, a personalised approach to PR may maximise improvements in patients with ILD, particularly among those with comorbid circulatory or musculoskeletal disease.
We report differences in comorbidities by sex in people with COPD or ILD enrolled in PR programmes. A number of comorbidities were more prevalent in females compared with males. Conditions, such as hypothyroidism and osteoporosis, particularly post-menopause, are known to be more prevalent in females in the general population [25, 26] . Anxiety and depression were significantly higher for females in both people with COPD and ILD. Previous research has also noted a higher prevalence of anxiety and depression in women compared with men with COPD, despite similar disease characteristics and dyspnoea ratings [27] . In ILD populations, anxiety and depression are common, but there does not appear to be a sex difference in prevalence when measured prospectively [28, 29] . In this retrospective study we found a significantly higher prevalence of mental health disorders in females with ILD.
Healthcare professionals in PR may need to individualise the PR programme in the presence of comorbidities, particularly musculoskeletal conditions. Alternative forms of PR, such as water-based training for individuals with musculoskeletal conditions [30] have shown significant improvements in exercise capacity, dyspnoea and fatigue compared with traditional land-based training. Clinicians should be aware of the presence of coexisting cardiovascular disease among individuals with ILD who are enrolled in PR. There are a number of shared aspects between cardiac rehabilitation and PR, suggesting that a comprehensive cardiopulmonary rehabilitation programme could achieve benefits even when the two conditions coexist [31] . A simple and feasible step would be to offer an education component on cardiovascular disease for people with relevant coexisting conditions. An education component could also be developed for common endocrine and metabolic conditions, such as diabetes and would allow patients to have a better understanding of their condition and how to exercise safely.
The retrospective nature of this study is a limitation. We relied on conditions reported in medical records, which may be an underestimate of comorbidities. Additionally, patients may actually have been excluded from PR due to significant neurological, musculoskeletal or cardiac conditions, thus resulting in a lower prevalence of these conditions in the PR population compared with the general COPD or ILD population. An additional limitation is that this study was conducted at a single site where the healthcare team is accustomed to patients with severe disease and thus our results may not be generalisable to all centres with PR programmes. The ILD population in this study was small (n=66), with only 48 patients having a post-PR 6MWT, which limits the statistical power in this group. Despite the small sample size, we still had statistically significant findings in the ILD population which suggests further exploration into the impact of nonpulmonary comorbidities in this disease population would be beneficial. The conclusions of this study should inform a prospective study of the influence of comorbidities in patients with chronic respiratory disease undergoing PR.
Conclusion
People with chronic respiratory disease who enroll in PR have a number of comorbid conditions, many of which are more prevalent in females. People with ILD have a similar number of comorbidities as those with COPD. Regardless of the type or number of comorbidities, PR can still improve HRQoL although older age and the presence of musculoskeletal conditions significantly impact the ability to obtain clinically important improvements in exercise capacity. Particularly of importance are older individuals with ILD who have comorbid circulatory or musculoskeletal disease. Individualised PR programmes that take comorbidities into account may offer further improvement in exercise capacity. Based on our findings, people with chronic respiratory disease should be offered PR if their comorbid conditions are stable and they can exercise safely.
